Abstract Aims/hypothesis: To study whether urinary orosomucoid excretion rate (UOER) predicts mortality in normoalbuminuric patients with diabetes at 5 years of follow-up, and to investigate the relationship between orosomucoid in serum and urine. Methods: A cohort of 578 patients with diabetes (430 type 2, 148 type 1) was followed prospectively for an average of 5 years. UOER was measured in timed overnight urine samples. Results: Eightytwo patients with type 2 diabetes and 17 patients with type 1 diabetes died. Among patients with type 2 diabetes, 251 (58%) had normoalbuminuria; increased UOER independently predicted cardiovascular mortality (OR 4.94, 95% CI 1.60−15.22; p<0.006) in those with normoalbuminuria and in the entire cohort of patients with type 2 diabetes (odds ratio 3.63, 95% CI 1.50−8.81; p<0.005). Patients with increased UOER had a higher all-cause mortality than those with normal UOER (log-rank test, p<0.001 for type 2 patients; p<0.04 for type 1 patients). In patients with type 1 diabetes, there were five cardiovascular deaths and no significant predictive value of UOER. Patients with increased UOER had a subclinical increase in serum orosomucoid. Conclusion/interpretation: Increased UOER was an independent, powerful predictor of cardiovascular mortality in normoalbuminuric patients with type 2 diabetes and in the entire cohort of patients with type 2 diabetes. There were indications of UOER as being a valuable marker in type 1 diabetes that showed differences in survival between patients with normal versus increased UOER. Serum orosomucoid was associated with UOER; UOER may be a marker of lowgrade inflammation in patients with diabetes.
Introduction
Patients with type 1 and type 2 diabetes have a high mortality compared with the background population. This is primarily caused by a high cardiovascular morbidity and mortality [1] [2] [3] [4] .
Urinary orosomucoid excretion rate (UOER) was demonstrated to predict all-cause and cardiovascular mortality independently of classic risk factors in a 2.4-year followup study of patients with type 2 diabetes including patients with normo-, micro-and macroalbuminuria [5] . The study was not powered to show predictive value of UOER in the subgroup of patients with normal urinary albumin excretion rate (UAER); but still increased UOER was strongly associated with cardiovascular mortality in the normoalbuminuric subgroup. Another limitation of the study was the lack of access to serum values of orosomucoid [5] .
Orosomucoid (α 1 -acid glycoprotein) is a single-chain polypeptide [6] mainly produced in the liver cells and the plasma concentration increases in response to inflammation and other stressful stimuli [7] . In vitro and in vivo studies have shown that orosomucoid has immunomodulatory and anti-inflammatory effects, thereby protecting against tissue damage from excessive inflammation [7, 8] .
Clinical and experimental studies have suggested that an inflammatory process is involved in the development of atherosclerosis [9] and type 2 diabetes [10] . Subclinical elevations of orosomucoid in serum have been found in patients with type 2 diabetes [11, 12] ; this may be a sign of a chronic low-grade inflammation [13] . We hypothesize that there is a link between a systemic inflammatory response and increased UOER.
The aims of our study were to investigate if increased UOER predicts mortality in the subgroup of patients with normoalbuminuria as well as in the entire cohort of patients with type 2 and type 1 diabetes at 5 years of follow-up. We also investigated the relation between serum orosomucoid and UOER to evaluate the level of systemic inflammatory response in patients with increased UOER.
Subjects and methods
Participants A cohort study was performed from September 1995 to December 1998 consecutively including all patients who attended the outpatient clinic at Amager Hospital, Copenhagen with type 2 and type 1 diabetes and dipstick negative overnight urine samples. Four hundred and thirty patients with type 2 diabetes and 148 patients with type 1 diabetes were followed until death, emigration or 31 December 2002. The diagnosis of type 2 diabetes was based on the World Health Organization criteria (1985) (fasting blood glucose ≥6.7 mmol/l or 2-h OGTT values of capillary blood glucose ≥11.1 mmol/l and not being prone to keto-acidosis). The diagnosis of type 1 diabetes was based on the same criteria, but patients were prone to keto-acidosis, and fasting serum C-peptide values (if available) were less than 200 pmol/l. Duration of diabetes was defined as duration from the date of diagnosis. Medical history was obtained from medical records. The registration of clinical parameters is described in detail elsewhere [5] . We registered the presence or absence of cardiovascular diseases (hypertension, coronary heart disease, previous myocardial infarction, stroke and congestive heart failure), diabetic retinopathy, smoking habits and medication (use of insulin and ACE inhibitors).
Information on causes of death was gathered through the central Danish Registry of Causes of Death and through death certificates from journal files and registered according to the International Classification of Diseases (ICD 10).
Blood and urine analyses Analyses of blood and urine are described in detail elsewhere [5] . Data on HbA 1 c and plasma creatinine were collected from routine blood analyses performed on fresh samples within a period of maximum 6 months before or after the corresponding urine sample. In a subgroup of patients we determined orosomucoid in serum and urine collected within 24 h. Orosomucoid in serum was analysed on a Cobas Integra 700 (Roche, Basel, Switzerland) by immunoturbidimetry. The reference interval for orosomucoid in serum was 0.45−1.17 g/l.
Urinary orosomucoid and albumin Urine samples were collected as timed overnight samples, stored at 2-8°C without any additives and analysed within a week of collection. Urinary orosomucoid and albumin were analysed using an in-house method by immunoturbidimetry (Cobas Mira, Roche, Basel, Switzerland). Detection limits and intraseries imprecision (CV%) were: urinary orosomucoid 1.2 mg/l (5.6%) and urinary albumin 3.3 mg/l (3.0%). Cut-off values were: UOER>0.88 μg/min [14] and UAER>20 μg/ min [15] . Microalbuminuria was defined as UAER of 20-200 μg/min in two of three urine samples. Macroalbuminuria was defined as UAER>200 μg/min [15] . years, HbA 1 c of 8.4±1.9%, and median (range) duration of diabetes of 3.0 (0.02−37) years. The patients were subclassified in relation to normal or increased UOER; anthropometrical and clinical data of these subgroups are shown in Table 1 . At baseline, patients with type 2 diabetes and increased UOER were older; were more often men; had a longer duration of diabetes; a higher level of HbA 1 c, plasma creatinine and UAER; were heavier; had a higher prevalence of hypertension, heart failure and retinopathy; and were more frequently treated with ACE inhibitors than patients with normal UOER. Median (IQR) value of UOER was 10.7 (5.4−22.0) μg/ min for patients with increased UOER (n=242). The median increase in UOER compared with the cut-off value was 12-fold for patients with increased UOER. The prevalence of microalbuminuria was 130 (30%) and that of macroalbuminuria was 49 (11%).
Ethics
A total of 82 (19%) patients with type 2 diabetes died in the follow-up period. The causes of death are listed in Table 2 .
In the subgroup of patients with normoalbuminuria (n=251), 21 patients died of cardiovascular diseases. In this subgroup, seven (5%) patients with normal UOER (n=152) and 14 (14%) patients with increased UOER (n=99) died of cardiovascular diseases in the follow-up period. A significant difference in survival was seen between the subgroups (log-rank test: p<0.007) as shown in Fig. 1 . In multivariate analysis, UOER independently predicted cardiovascular mortality with an odds ratio of 4.94 (95% CI: 1.60−15.22; p<0.006) in the subgroup of patients with normoalbuminuria as seen in Table 3 .
In the entire cohort of patients with type 2 diabetes, nine (5%) patients with normal UOER and 36 (15%) patients with increased UOER died of cardiovascular diseases in the follow-up period. A significant difference in survival in relation to cardiovascular mortality was seen between the Table 1 . Median (IQR) values of UOER were 7.8 (3.8−19.4) μg/ min for patients with increased UOER (n=61). The median increase in UOER compared with the cut-off value was 9-fold for patients with increased UOER.
Increased UOER was correlated to UAER (r=0.50, p<0.01; n=61) and plasma creatinine (r=0.28, p<0.05; n=61). Age and HbA 1 c were not correlated to increased UOER. The prevalence of microalbuminuria was 39 (26%) and that of macroalbuminuria was nine (6%).
A total of 17 (11%) patients with type 1 diabetes died in the follow-up period. The causes of death are listed in Table 2 . Six (7%) patients with normal UOER and 11 (18%) patients with increased UOER died in the follow-up period. A significant difference in survival was seen between the subgroups (log-rank test, p<0.04) in relation to all-cause mortality. As seen in Table 5 , ln UAER and age independently predicted all-cause mortality. The multivariate analysis of all-cause mortality included sex, age, duration of diabetes, history of hypertension, coronary heart disease, stroke, treatment with ACE inhibitors, HbA 1 c, plasma creatinine, ln UAER, classification of normal or increased UOER, and systolic and diastolic blood pressure.
Only five patients with type 1 diabetes died of cardiovascular diseases. In multivariate analysis of cardiovascular mortality, age [OR 1.11 (95% CI 1.03−1.20; p<0.008)] and coronary heart disease [OR 13.64 (95% CI 1.71 −108.96; p<0.02)] were independent predictors in a model including sex, age, coronary heart disease, ln UAER and classification of normal or increased UOER.
In the subgroup of patients with type 1 diabetes who had corresponding serum and urine orosomucoid analysis (n=17) there were significantly higher values of serum orosomucoid in those with increased UOER (n=5) compared with those with normal UOER (n=12). The mean±SD (range) serum orosomucoid was 0.90±0.08 (0.78−1.01) versus 0.71 ±0.17 (0.47−1.03) g/l, p<0.04. No patients had serum orosomucoid values above the upper reference value. Clearance of orosomucoid was higher in patients with increased UOER compared with those with normal UOER (median (range) orosomucoid clearance: 7.4 (4.1−189.6) versus 1.8 (1.0−6.6) μl/min, p<0.003).
Discussion
In the present study, we have shown for the first time that increased UOER is an independent, powerful predictor of cardiovascular mortality in normoalbuminuric patients with type 2 diabetes at 5 years of follow-up. We also confirmed our previous observation that increased UOER is an independent predictor of cardiovascular mortality in patients with type 2 diabetes and micro-and macroalbuminuria at 2.4 years of follow-up [5] . Increased UOER, therefore, seems a superior marker for cardiovascular mortality compared with microalbuminuria in patients with type 2 diabetes.
In patients with type 1 diabetes there was a significant difference in survival between patients with increased UOER compared with those with normal UOER. However, UOER was not an independent marker for all-cause or cardiovascular mortality. This might be explained by the low number (n=5) of cardiovascular deaths in patients with type 1 diabetes in the follow-up period. Additionally, the cohort of patients with type 1 diabetes was younger and had a less adverse cardiovascular profile compared with the cohort with type 2 diabetes. We found no significant predictive value of UOER, presumably due to the low power of the smaller cohort of patients with type 1 diabetes; however, the results indicate that a longer follow-up time may yield significant results.
In the present study, we had access to serum values of orosomucoid in a representative subgroup of patients. Serum values of orosomucoid were slightly higher in patients with increased UOER compared with patients with normal UOER in both type 1 and type 2 diabetic patients. The majority of the serum orosomucoid values were within the normal range. This subclinical increase in serum orosomucoid in patients with increased UOER is indicative of a chronic inflammatory condition and not an acute phase response, which is usually characterised by a several-fold elevation of the initial level [7] . The association of elevated values of serum orosomucoid and UOER in subgroups of both type 2 and type 1 diabetic patients may reflect chronic low-grade inflammation as a common pathophysiological element of cardiovascular morbidity. A low-grade systemic inflammatory condition is hypothesized to precede the development of type 2 diabetes and atherosclerosis. In a population-based cohort study, subclinical elevations of serum orosomucoid and other inflammatory markers were predictive of the development of type 2 diabetes [13] . Subclinical elevations of serum orosomucoid have also been found in patients with type 2 diabetes [12] and were associated with development of cardiovascular disease and cardiovascular mortality in patients with type 2 diabetes in a combined inflammatory score model [16] . In a study of 40 patients with type 1 diabetes the plasma concentrations of orosomucoid were normal and comparable to healthy control persons. However, signs of chronic inflammation were found in diabetic patients where an increased amount of fucosylated orosomucoid was found by crossed immunoelectrophoresis [17] . The differences observed for orosomucoid in serum in our study occur within the reference interval. Likewise, the subclinical increase of inflammatory markers such as Creactive protein, which has been found to be an independent risk marker of mortality in epidemiological studies [18, 19] , does not allow individual classification based on normal or elevated values. In contrast, the mean occurrence of UOER values 9−12 times higher than the upper reference value readily allows classification of individuals as either normal or abnormal regarding UOER. The pathophysiological mechanisms causing this dramatic amplification of a putative sign of low-grade inflammation are unknown. However, several possible explanations of the increased UOER can be listed. Overflow proteinuria could cause an increase in UOER; however, this phenomenon is unlikely to explain all of the variation in UOER as discussed below. There might be a selective increase in the glomerular permeability in patients with increased UOER accompanied by increased UAER, or there might be a renal secretion of orosomucoid causing the increased UOER. There might even be different mechanisms of UOER increase in normoalbuminuric and microalbuminuric patients.
In agreement with our results, a Japanese study found that UOER increased in parallel with UAER in patients with type 2 diabetes and that clearance of orosomucoid was highly correlated to UAER. They also found that a large subgroup of patients with normoalbuminuria had increased UOER [14] . We have confirmed these results. These data support a theory of increased glomerular permeability causing the increased UOER in patients with increased UAER. We believe that the increased UOER in the normoalbuminuric subgroup requires an alternative explanation such as renal secretion of orosomucoid.
From searching the PubMed database, we found no published data on urinary orosomucoid in patients with type 1 diabetes.
Clearance values of orosomucoid in the subgroup analyses were much higher in patients with increased UOER compared with those with normal UOER in both type 2 and type 1 diabetic patients. If increased serum values of orosomucoid had had a high impact on clearance values, the final result would have been a lowering of the clearance of orosomucoid. Thus the increased clearance values of orosomucoid were primarily caused by a high urinary excretion and probably unaffected by the serum concentrations of orosomucoid. In a study of patients with chronic renal failure, the clearance of orosomucoid was highly increased despite impaired renal function [20] . The patients with renal failure had increased serum concentrations of orosomucoid probably as a sign of chronic inflammation, but the UOER was not correlated to the serum concentration of orosomucoid. These findings are in accordance with the hypothesis of increased glomerular permeability in patients with increased UOER accompanied by micro-or macroalbuminuria. Furthermore, the lack of correlation between UOER and serum orosomucoid in patients with renal failure supports our considerations of increased UOER not simply being a result of overflow proteinuria.
The presence of micro-and macroalbuminuria predict all-cause mortality [19, [21] [22] [23] [24] , and microalbuminuria is an independent predictor of cardiovascular mortality in patients with diabetes [22, 23, 25] . At a lower cut-off value, urinary albumin was predictive of the development of ischemic heart disease [26] as well as cardiovascular mortality in the general population [27, 28] . This suggests that the predictive value of UAER is a continuum starting well below the recommended cut-off value for microalbuminuria. The effect of albuminuria on cardiovascular mortality in our cohort of patients with type 2 diabetes might be disclosed by lowering the cut-off value for UAER. However, we have shown that the predictive value of UOER on cardiovascular mortality in our study was independent of the cut-off value for UAER. We conclude that our data indicate a high predictive value of UOER for cardiovascular mortality independently of classic cardiovascular risk factors and urinary albumin level in patients with type 2 diabetes. As a consequence, we believe that patients with type 2 diabetes and increased UOER may be appropriate targets for intervention, but clinical intervention studies are required to clarify this issue.
The prevalence of microalbuminuria (26 and 30%) and macroalbuminuria (6 and 11%) in our study is comparable to other studies [19, 29, 30] . In a 5-year follow-up study of 328 patients with type 2 diabetes all-cause mortality was 16%; 57% of these deaths were caused by cardiovascular diseases [31] . The patients in the referred study were of comparable age as our cohort of patients with type 2 diabetes. In our study, 19% of the patients with type 2 diabetes died in 5 years of follow-up and 55% of the deaths were caused by cardiovascular diseases. In addition, increased UOER was associated with increased prevalence of hypertension and heart failure in patients with type 2 diabetes in our study. Hypertension and heart failure are associated with development of microalbuminuria in patients with diabetes as well as in non-diabetic persons [32] .
In this study we used fresh samples of urine for the analyses of proteins and we thereby avoided the well known problems of loss of proteins during storage at −20°C [33, 34] .
A limitation of this study is the access to cardiovascular history through journal files, rather than by classification of cardiovascular diseases by standardised investigations of each patient. Since the prevalence of cardiovascular diseases is high in patients with diabetes, silent myocardial ischaemia may have been overlooked and the number of diagnosed patients with cardiovascular diseases may have been underestimated.
Another limitation of the study is the use of UOER as a dichotomous rather than a continuous variable. However, in many epidemiological studies of microalbuminuria this variable is classified as a categorical variable [21, 22, 35, 36] .
In conclusion, at 5 years of follow-up increased UOER was an independent, powerful predictor of cardiovascular mortality in normoalbuminuric patients with type 2 diabetes as well as in the entire cohort of patients with type 2 diabetes. The predictive value of UOER was independent of classic cardiovascular risk factors as well as urinary albumin level. The study was underpowered to show predictive value of UOER on mortality in patients with type 1 diabetes. However, UOER may be a valuable marker in type 1 diabetes as was also indicated by the differences in survival between patients with normal versus increased UOER.
We hypothesize that an increase in UOER in both type 1 and type 2 diabetes is caused by chronic low-grade inflammation. The possible therapeutic effect on cardiovascular morbidity and mortality of interventions targeted towards patients with increased UOER remains to be investigated.
